Background: Numerous techniques have been used for lower blepharoplasty. The techniques can be classified into four principles: excision of excess fat, septal reset, orbital fat repositioning, and reinforcement of the attenuated orbital septum. Objectives: We modified the conventional approach of septal reinforcement to utilize an inverted T-shaped plication with preservation of the orbital fat, repositioning the septum below the arcus marginalis to refine tear-trough deformity. Methods: From April 2010 to September 2015, 93 individuals underwent bilateral lower blepharoplasty. Retrospective chart reviews were performed, and the results and complications during the follow-up period were recorded and photographed. Results: The patients comprised 76 women and 17 men. Thirteen, 33, and 47 patients exhibited mild, moderate, and severe fat herniation, respectively, accompanied by tear-trough deformity. A total of 70 and 23 patients underwent lower blepharoplasty via subciliary and transconjunctival approaches, respectively. We performed inverted T-shaped plication of the orbital septum in mild and moderate cases and X-shaped plication in severe cases, and in moderate and severe cases, we performed septal repositioning simultaneously. The mean follow-up period was 25 months. When immediate mild lid retraction or lid malposition was observed, it recovered without specific treatment within 1 to 2 weeks. No permanent lid malposition or ectropion was observed in any of the patients. Conclusions: Septal plication with inverted T-shape or X-shape can minimize the downward forces that affect postoperative eyelid malposition and ectropion. Further, these procedures provide sufficiently strong reinforcement of the orbital septum to restore infraorbital fat herniation.
herniation and tear-trough deformity are the main objectives of lower blepharoplasty.
Although terminology is vague in relation to lower blepharoplasty techniques, the principles of these techniques can be classified into four groups: excision of excess fat, septal reset, orbital fat repositioning, and reinforcement of the attenuated orbital septum. These surgical techniques can be performed via two types of approaches: a variety of subciliary approaches and a single transconjunctival approach. Excision of the excess fat has been the key concept and standard technique for traditional lower blepharoplasty for the past few decades, and many surgeons still use this technique for lower blepharoplasty. 1 In the 1980s, de la Plaza introduced the concept of fat preservation, 2 and subsequently, in the 1990s, the septal reset technique was discussed in more detail by Mendelson and Hamra. 3, 4 Septal reset involves mobilizing and changing the position of the fat bag to correct abnormalities, such as lower orbital rim skeletonization, tear-trough deformity, and nasojugal grooves. The fat repositioning technique, introduced by Goldberg in 2000, 5 aims to relocate the fat bag to its normal youthful position in the orbit, by repositioning fat into the subperiosteal pocket. Furthermore, Huang reported (in 2000) that the fat pad volume remained unchanged in aging eyelids, and that attenuation of the orbital septum is the key factor causing a bulging deformation. 6 We hypothesized that logical treatment for baggy upper and lower eyelids should include repositioning of the prolapsed fat into the orbit, as well as strengthening of the attenuated septum, in a manner similar to hernia repair. Therefore, we have modified the conventional plication method to consist of an inverted T-shaped plication of the orbital septum; this reinforces the attenuated orbital septal structures, while preserving the fat pad. Additionally, we reposition the septum below the arcus marginalis to refine tear-trough deformity in moderate and severe cases.
METHODS

Study Design
This retrospective study was approved by the Institutional Review Board of Seoul National University Bundang Hospital (B-1506-302-121). We included patients who underwent lower blepharoplasty because of lower eyelid bulging, and excluded patients who had undergone additional lower eyelid surgeries that could influence the apparent effect of our techniques. Retrospective chart reviews were performed and observations were made regarding results, photos, complications, and degree of patient satisfaction during the follow-up period. To evaluate safety, we reviewed adverse reactions, such as ecchymosis, hematoma, infection, scarring, retraction with scleral show, margin irregularity, and ectropion. The degree of satisfaction was classified into four grades: poor (0%-25%), fair (26%-50%), good (51%-75%), and excellent (76%-100%) and patients were directly asked to choose their own degree of satisfaction.
General Surgical Procedures
All patients underwent preoperative ocular examinations that included intrinsic lid tone (snap back) and tear trough test. We assessed the severity of fat herniation and the deformity of the tear-trough as mild, moderate, or severe. The tear-trough line was marked from its initiation to its endpoint. The incision line was designed 2 mm below the ciliary margin, from the medial canthal to the lateral canthal region. We used 1% lidocaine, mixed 1:200,000 with epinephrine, and gently injected this using a 26-gauge needle, covering the entire infraorbital region. At 7 minutes after injection, a skin incision was performed using a 15-0 blade, from the medial to the lateral direction. The skin flap was elevated to avoid muscle damage, and 2 to 3 mm below the incision line, an approximately 1 to 1.5 cm muscle incision was made in the central portion of the orbicularis oculi muscle, and the orbital septum was identified. Dissection was performed above the orbital septum, throughout the entire infraorbital region, continuously down to the infraorbital rim. The bulge of the infraorbital fat pad was identified, and using two forceps, the maximal reinforcement point was marked after simulating the inverted T-shaped plication of the septum (Figures 1-2) . Plication of the orbital septum was started at the medial portion (Point A), using 5-0 absorbable suture materials (5-0 vicryl). The suture knot was buried inside, using the inverting technique. Next, the lateral septum point (Point B) was plicated using the same method, starting at the lateral portion. The other sites were plicated using continuous sutures (Video 1).
Septal Repositioning With Inverted T-Shaped Plication (Moderate Cases)
In cases with moderate fat herniation and tear-trough deformity, after dissection of the orbital septum to the infraorbital margin, supraperiosteal dissection was performed 5 to 8 mm inferior to the infraorbital margin, from the medial portion of the tear-trough line (which was previously marked) to the lateral infraorbital region. After finishing the supraperiosteal dissection, we simulated the inverted T-shaped plication of the septum using two forceps, 5 to 8 mm below and inferior to the infraorbital margin, to estimate the maximal point of plication ( Figure 3 ). After establishing this maximal point, Points A and A′ and Points B and B′ were marked, and Point A was plicated with Point A′ periosteum, 5 to 8 mm inferior to the infraorbital margin. Points B and B′ were plicated using the same method. These procedures could be performed via a transconjunctival approach, and a microneedle holder was used to allow easy manipulation in the limited space.
Septal Repositioning With X-Shaped Plication (Severe Cases)
In cases with severe fat herniation and tear-trough deformity, the procedures used were similar as for the moderate cases. After dissection through the orbital septum to the infraorbital margin, supraperiosteal dissection was performed through the whole infraorbital region, 5 to 8 mm inferior to the infraorbital margin. Plication simulation was again performed using two forceps. In virtually all these cases, simple inverted T-shaped septal repositioning did not offer sufficient reinforcement of the septum. We therefore added additional procedures, termed X-shaped plication. Points A and A′ were marked more laterally, using a maximal side stretch, and were plicated first. Points B and B′ were plicated more medially, overlapping point A to maximize the plication force (Figure 4) . The orbital septum was exposed after dissection above the septum, throughout the infraorbital rim. (A) Before fixing at the maximal reinforcement point, the orbital septum was pulled to assess the effect of plication. (B) After inverted T-shaped plication, reinforcing of the orbital septum was confirmed in the absence of remarkable fat herniation.
RESULTS
From April 2010 to September 2015, a total of 93 patients underwent lower blepharoplasty using our techniques. Our patients included 76 women and 17 men; 70 of the patients underwent lower blepharoplasty via a subciliary approach, while 23 patients underwent lower blepharoplasty via a transconjunctival approach. Patients ranged in age from 32 to 68 years old (mean, 48 years). The follow-up period ranged from 18 to 60 months (mean, 25 months). Thirteen patients exhibited mild tear-trough deformity and underwent lower blepharoplasty via a transconjunctival approach. Thirty-three patients exhibited moderate tear-trough deformity, and 47 patients exhibited severe tear-trough deformity. Among the 33 patients who exhibited moderate tear-trough deformity, 10 did not exhibit skin excess; therefore, these 10 patients underwent lower blepharoplasty via a transconjunctival approach, with supraperiosteal dissection through the tear-through line and extended septal plication using inverted T-shaped plication. In the other 23 patients, skin excess was present; thus, these 23 patients underwent lower blepharoplasty via a subciliary approach, with supraperiosteal dissection through the tear-trough line and extended septal plication using inverted T plication, and the excess skin was removed ( Figure 5 tear-trough deformity, all underwent lower blepharoplasty via a subciliary approach, with a combination of extended supraperiosteal dissection through the tear-trough line and extended septal plication using inverted X-shaped plication ( Figure 6 ). In all cases, we did not remove any fat. Postoperatively, patient care did not differ from that used for conventional eyelid surgery, and we removed all stitches at 5 to 6 days after surgery. In cases where immediate mild lid retraction or lid malposition were observed, recovery occurred without specific treatment within 1 to 2 weeks. Chemosis immediately after the surgery was observed in four patients, but no permanent lid malposition or ectropion was observed in any of the patients. Patient satisfaction was excellent, except for three patients who reported good satisfaction. No case required reoperation within a short period of time because of dissatisfaction of the patient.
DISCUSSION
The traditional lower blepharoplasty technique involves removal of excess fat pad. This technique has many disadvantages, including hematoma and contour irregularities, and final results demonstrate unnaturally sunken eyelids. Excessive fat removal causes unwanted concavity of the lower eyelid, thereby making a sunken eyelid more apparent because of the relative convexity of the aging cheek. 7 Even in cases where patients exhibit postoperative sunken eyelids following fat removal, there is still adequate fat in the scarred orbital septum. Herniation of fat results from structural attenuation and aging, and correction of this hernia is similar to repair of hernias in the abdomen: structural reinforcement of the septum. [2] [3] [4] [5] [6] Huang reported septal repair with a horizontal pattern, similar to abdominal hernia repair, and orbital fat and the septum can be easily reduced and reinforced, respectively. 6 He described this septal repair as a tissue-friendly method requiring no septal incision; however, lid malposition and ectropion were inevitable. Hassanpour and Toosi introduced a vertical plication method, which did not decrease the vertical dimension of the lower eyelid, to correct bulging of the fat pad, with minimal lid malposition and ectropion. 8 However, the maximal point of reinforcement was the center of the septum; conversely, reinforcement was poor in the lower portion around the infraorbital rim, which may result in recurrent bulging of the fat pad. Here, we have presented a modified septal plication method without incision to the orbital septum, as well as septal repositioning with supraperiosteal dissection for detaching the tear through medial ligament and lateral orbicularis-retaining ligament. 5 Septal plication has many advantages, such as no requirement for a septal incision, and infraorbital fat can be repositioned in a more anatomically appropriate manner, which may be helpful in other procedures. We modified the technique from a strictly horizontal or vertical pattern to a combined pattern. Septal repositioning below the level of 5 to 8 mm inferior to the orbital rim, with only horizontal pattern plication, could cause eyelid malposition. However, an oblique pattern of septal repositioning prevented lid malposition and ectropion. Moreover, our combined pattern techniques complemented lower portion bulging from the vertical plication pattern, and were effective in prevention of nasal and lateral bulging. In our technique, the maximal plication point is the lowest part of the plication design, while the actual plication point is not nearly as low. In mild and moderate cases, lower parts of the septum were attenuated and the plication point avoided the flaccid part of the septum.
The septal repositioning procedure was modified from the septal reset technique. Hamra reported that supraperiosteal dissection below the arcus marginalis, termed arcus marginalis release, is key to the eyelid−cheek complex, and that release of the arcus marginalis can prevent an undesirable postblepharoplasty appearance. 4 The conventional septal reset procedure is performed by first elevating the skin flap, then cutting into the arcus marginalis and freeing the infraorbital fat, and finally suturing the fat below the infraorbital margin. The septal repositioning technique is similar, and entails suturing the orbital septum 5 to 8 mm below the infraorbital margin; however, it differs in terms of the suture pattern, which involves inverted T-or X-shaped plication. We excluded patients who had undergone additional procedures on the lower eyelid, as these could influence our attempts to assess the effect of our techniques. Fat removal could be treated with simultaneous methods in extremely severe cases. In these cases, septal X-plication might not be sufficient to correct lower lid bulging. In those cases, we could perform plication stitching first and then remove the bulging fat. Another indication for simultaneous fat removal occurs in secondary cases, where reinforcement of the septum, using an inverted T pattern, is difficult because of septal scarring. Thus, we may be able to easily perform septal plication along with simultaneous fat removal.
We present easy and useful novel guidelines for performing lower blepharoplasty based on our experiences ( Figure 7) . In mild fat herniation and tear-trough deformity cases, simple inverted T-shaped plication of the orbital septum can rejuvenate the lower eyelid contour, with preservation of lower eyelid fat. In moderate cases, supraperiosteal dissection, 5 to 8 mm below the infraorbital margin, can be added simultaneously for correction of tear-trough deformity, and inverted T-shaped plication, 5 to 8 mm below the infraorbital margin (septal repositioning), can restore fat herniation. The procedure can be performed via both subciliary and transconjunctival approaches, based on the extent of excess skin. In severe cases, more extensive septal repositioning and X-shaped plication should be performed, utilizing overlapping plication planes to maximize the strength of reinforcement.
There are several limitations to this study. First, the study population characteristics are likely to be biased, because all patients were Asian. Further research is needed to determine if these techniques can be effectively applied to all ethnicities. Second, this study was not a randomized controlled trial with adequate power. We note that some patients can expect good results with only fat removal; thus, it is difficult to simply compare the results of both methods in our limited sample. However, our method appears to have the advantage of achieving effective results without a need for manipulation of septal fat. Especially in severe cases, it can be helpful to perform this technique simultaneously with fat removal. Additional studies of the effectiveness of this technique are needed in other clinical applications in the future. Lastly, regretfully, there were not enough preoperative and postoperative photographs taken at multiple angles.
CONCLUSIONS
Septal plication with inverted T-shape or X-shape can minimize the downward forces that affect postoperative eyelid malposition and ectropion; these procedures provide sufficiently strong reinforcement of the orbital septum to restore infraorbital fat herniation.
